Chronic obstructive pulmonary disease (COPD) is a recognized global health crisis, with smoking being the most important and well-studied risk factor for disease development and progression ([@bib1]). The World Health Organization estimates that 80 million individuals live with moderate to severe COPD, and this disease will become the third leading cause of death worldwide by 2030 ([@bib2]). COPD is characterized by chronic inflammation and obstructed airflow, usually originating from long-term exposure to particulates, with the most egregious offender being cigarette smoke. Various signaling pathways are implicated in the induction of lung inflammation associated with COPD pathogenesis. Dysregulation of phosphatases such as PP2A (protein phosphatase 2A), protein tyrosine phosphatase 1B, and pTEN (phosphatase and tensin homolog) are known to occur ([@bib3], [@bib4]). Imbalances in the activities of proteases, including serine, aspartic, metal-activated, and cysteine proteases, are also linked to the severity and progression of COPD ([@bib5]).

CTSS (cathepsin S) is an endopeptidase member of the C1 family of cysteine proteases. Unlike most cathepsin proteases, which exhibit maximal activity at acidic pH, it has a relatively unusual ability to exhibit activity across a wide range of pH values. Accordingly, CTSS plays diverse physiological roles, including participation in immune responses, lysosomal protein catabolism, and extracellular matrix remodeling ([@bib6]). It is particularly important in inflammation and immunity, participating in antigen presentation by cleaving invariant chain (Ii) to CLIP, which permits associated major histocompatibility complex II protein to load and present antigen. CTSS activity is implicated in many pulmonary diseases, including asthma and allergic inflammation ([@bib7]), as well as alveolar remodeling and pulmonary emphysema in COPD ([@bib8], [@bib9]).

In this issue of the *Journal*, Doherty and colleagues (pp. [51--62](10.1164/rccm.201808-1518OC)) report two novel and interrelated findings obtained using a mouse model of chronic exposure to cigarette smoke ([@bib10]). First, they establish that CTSS gene and protein expression is induced by cigarette smoke in the lung, leading to high enzymatic activities in lung tissue and BAL fluid (BALF), and furthermore that this elevated activity is directly implicated in smoke-induced loss of lung function. They do so by comparing the effects of cigarette smoke on immune cell infiltration and loss of lung function in wild-type versus Ctss^−/−^ mice. Total immune cell counts in the BALF, as well as infiltrating alveolar macrophages and neutrophils, were reduced in the lungs of knockout mice exposed to smoke relative to smoke-exposed wild-type mice, although T-cell, B-cell, and eosinophil numbers were constant between the strains. Moreover, functional measures suggest that suppression of emphysematous changes accompany knockout of CTSS. These findings are suggestive of a driving role for CTSS in smoke-induced COPD in this murine model, although reduced functioning of immune pathways associated with global CTSS insufficiency may contribute to this protective phenotype.

The second novel finding is the authors' implication of PP2A activity as being protective against the pathological consequences of CTSS induction in COPD. PP2A is known to be reduced in bronchial tissue of subjects with COPD ([@bib11]). In this study, Doherty and colleagues found that human bronchial epithelial cells isolated from subjects with COPD showed enhanced expression and secretion of CTSS compared with those cultured from healthy control subjects. Transfection of PP2A or SMAP, which activates PP2A, had protective effects against induction of CTSS activity, whereas introduction of siRNA to PP2A potentiated induction of CTSS. Furthermore, SMAP treatment of mice exposed to acute or chronic smoke exposure prevented CTSS induction and smoke-induced loss of lung function. The authors conclude by suggesting that PP2A activation represents a novel new target for the treatment of COPD.

The findings of this elegant study are compelling and should energize translational efforts in this much-needed area. CTSS regulation is, however, complicated by findings that biologically elevated CTSS activity is due as much to a decreased abundance of endogenous CTSS inhibitors, such as cystatin C, as it is to actual increases in CTSS protein ([@bib12], [@bib13]). The findings by Doherty and colleagues show that the increased CTSS activity elicited by cigarette smoke in BALF exceeded the actual increase in protein abundance, suggesting that additional factors that modulate CTSS activity may also participate here in the disease process by failing to inhibit CTSS. These factors may or may not be responsive to regulation by PP2A. In addition, the current study addresses only targets associated with smoking-induced COPD. A number of individuals with COPD may be nonsmokers, suggesting that other risk factors (e.g., genetics, asthma, air pollution, biomass gases, and other environmental factors) also play a role in its induction ([@bib14]). Next, it will be important to determine whether CTSS and PP2A are similarly induced in cigarette smoke--independent COPD, and whether other proteases and phosphatases that are also implicated in chronic inflammation and emphysema represent additional targets.

One possible side effect of using exogenous CTSS inhibitors for prolonged periods is that the body's feedback loop may kick in to maintain CTSS activity by increasing CTSS production/activation, as was shown in a recent phase I clinical dose escalation study of a cathepsin inhibitor, LY3000328 ([@bib15]). Therapeutic modulation of CTSS activity through multiple regulatory avenues, such as boosting PP2A activity, as an approach to treat COPD could thus represent a viable alternative or additional approach. However, activation of PP2A alone for an extended period may weaken the immune system and increase the risk of secondary infection ([@bib16]). Agents that affect the pathways identified in this novel study may thus have a lower therapeutic index, as is the case with other potent immunomodulatory agents such as rapamycin and cyclosporine A, and require more in the way of therapeutic monitoring during development. However, many of the CTSS inhibitors that are currently in clinical development are for systemic autoimmune diseases such as psoriasis (<https://www.clinicaltrials.gov>, identifier: NCT00396422), primary Sjögren's syndrome (<https://www.clinicaltrials.gov>, identifier: NCT02701985), and rheumatoid arthritis (<https://www.clinicaltrials.gov>, identifier: NCT00425321) and other related diseases, and use oral delivery approaches that are more likely to elicit systemic side effects. The ability to treat COPD via local targeting of both CTSS and PP2A through pulmonary delivery modalities could be advantageous for developing formulations to minimize exposure of the rest of the body to unwanted side effects.

In summary, the current study elegantly links the various mechanisms involved in smoking-induced pathogenesis of COPD, with direct potential to guide new translational applications for treatment of this pervasive disease.
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